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The investigation which is described was carried out during a period of peace-time full employment, mainly in factories associated with the Slough Industrial Health Service in which a nutritional survey of the calorie intake of male operatives had been made by the Ministry of Health and the Medical Research Council in 1952 .
The rates ofenergy expenditure of 70 men and 54 women in 27 occupational groups were measured by indirect calorimetric methods. On the basis of the criteria for the classification of work according to its heaviness, adopted by the Factory Department of the Ministry of Labour, muscular work grades have been ascribed to the occupations studied.
From the distribution of 390 metabolic measurements, ranges of energy expenditure have been computed for occupations classed as sedentary, light, moderate, heavy, or very heavy, Observation of recurrent phase variations in types of productive effort in the work-cycle indicated that wider work grades, such as light-to-moderate or moderate-to-heavy, are needed to cover the energy expenditure rates of men and women in many occupations.
The data obtained in this study have enabled a table termed the "Slough Scales" to be compiled giving ranges of energy expenditure and pulmonary ventilation rates for the various work grades ascribed to occupations.
The mean rates of energy expenditure of 257 workers (in industries in different parts of England and Scotland) which have been calculated from data published by other investigators have been found to fall within the ranges specified in these scales for the work grades of their occupations. It is felt, therefore, that the Slough Scales represent a reasonably true appraisal of the relation between the Ministry of Labour occupational work grades and the rates of energy expenditure of men and women at work under environmental and management conditions which usually appertain in the United Kingdom.
Many scales or tables giving the calorie requirements of men and women engaged in occupations involving muscular work of varying degrees of severity have been drawn up (Voit, 1881; Atwater, 1893; Lusk, 1918; Royal Society, 1919; and Hawley, 1927) . In the past such scales have usually been based on the daily food intake, expressed as calories, of different sections of the population. The foodcalorie value and qualitative composition of the diet required per day by an average adult male to maintain body weight whilst engaged on moderately heavy work has been used as a basis from which the requirements of workers in light or heavy occupations have been estimated.
The calorie requirements of individuals may also be computed from records of the time spent on
The International Labour Office of the League of Nations (1936) (1955) .
Apart from occupational supplements, the calorie requirements of adult men and women for maintenance have also been considered in relation to age, body weight, and environmental temperature (Food and Agricultural Organization, 1950; 1957) .
In a preliminary communication on the grading of muscular work (Brown and Crowden, 1956 ), attention was drawn to variations in published scales of energy expenditure rates for light, moderate, and heavy work. It was noted that the classification of occupations might vary considerably according to whether the scale of reference used was that of the British Medical Association (1950) or Christensen (1953) .
In the present study the "Slough Scale" of ranges of energy expenditure for sedentary to very heavy work given in Table 4 has been compiled from actual measurements of the metabolic rates of 70 men and 54 women whilst they were performing various types of muscular work in productive effort in 27 occupational groups during a post-war period of stable full employment in modern industry. In drawing up this scale, after the metabolic measurements had been made, the occupations were graded according to the criteria for work classification adopted by H.M. Factory Inspectorate of the Ministry of Labour and National Service (Bransby, 1954) It should be noted, however, that before selecting, or rather finally accepting an individual volunteer as a subject he or she was required to pass a medical examination which was carried out in the medical department of the factory with the co-operation of the works' medical officer. In this examination special attention was paid to detecting any physical defects which might limit the individual's working capacity, in particular cardiorespiratory abnormalities and deformities of the skeletal system. If defects were detected at this examination the individual was not accepted as a subject and a few volunteers who passed were not subsequently used for the actual metabolic measurements during work if they showed difficulty in adapting themselves to wearing the face-mask (vide Figs. 1 and 2) and breathing through the respirometer during the routine pre-test trial run referred to below.
The measurement of oxygen requirement interested the subjects as articles had appeared in the press commenting on the possible advantage to footballers of breathing oxygen before play. It is believed that this encouraged the factory workers to volunteer as subjects, likewise the publication in their works magazine of an illustrated article on "Oxygen requirement for work". These points are recorded because it is essential to gain the co-operative understanding of the individuals who are required to participate as subjects in field investigations of this nature.
Anthropometric measurements, nude-weight, and height without shoes were taken at the time of the expired air over periods of 10 to 15 minutes on three or more occasions for each subject.
The tests were usually made during the middle of the morning or middle of the afternoon shifts. As the jobs studied generally involved repetitive work over long periods, it was considered that the subjects would be in a * = g R > * steady state (Hill, Long, and Lupton, 1924) (Bedford, 1946) The grading ascribed to each occupation was based on the information recorded on the job analysis cards of the individual workers and the Ministry of Labour criteria for the classification of industrial work according to its heaviness, namely, the weight of objects lifted and handled, the method of lifting, the use of mechanical aids, the speed of working, rest pauses, and the length of the working shift.
In order to determine the ranges in rates of energy expenditure for each grade of work the distribution of the 390 metabolic measurements expressed in terms of kcal./m2./hr. was tabulated (Table 3) .
A detailed examination of this Table 4 gives the Slough Scales, so called because they were mainly based on metabolic measurements on workers in factories associated with the Slough Industrial Health Service. They include kcal./m2./hr.
(gross) ranges in energy expenditure, also equivalent ranges in terms of kcal./min. (gross), kcal./hr. (net) and l./kg./min., the pulmonary ventilation per minute in relation to the body weight of the individual. Discussion A question which naturally arises when considering the Slough Scales (Table 4) is whether the ranges of energy expenditure given for the various work grades do, in fact, apply to occupations carried out in other parts of this country.
In an attempt to answer this question the anthropometric data and energy expenditure rates of 257 industrial workers, 172 men and 85 women, in 27 occupations including coal-mining in Scotland, 3 In respect of their anthropometric characteristics the groups of workers were found to be similar with the exception of Greenwood's 44 women munition workers whose mean height was calculated to be 3 5 cm. greater than that shown for the 54 women subjects in Table 2 above. It is possible that this difference may be accounted for by the method of measurement adopted by Greenwood as he gave no indication whether the heights were measured with or without shoes.
From the metabolic data and information given in these earlier reports, the mean kcal./m2./hr. rates of energy expenditure of 257 subjects have been calculated and their occupations graded as far as possible according to the criteria for work classification adopted by the Ministry of Labour. In order to check the validity of the Slough Scales when applied to these occupations, the number and percentage of these 257 independent observations of energy expenditure falling within the Slough Scale ranges specified for their occupational work grades have been calculated and listed in Table 5 . The fact, as shown in this table, that the over-all correspondence was found to be 89-9 % strongly supports the validity Table 5 and the 390 observations on 124 subjects in the present study have been combined in Table 6 , together with the Slough Scale ranges for the work grades of their 54 occupational groups.
Individual differences in capacity for work, motivation, and recorded variations in rates of energy expenditure during different but recurrent phases of productive effort in the course of the work shift account, at least in part, for the wide ranges in kcal./m2./hr. rates shown for several occupational groups in Table 6 . However, it is of particular interest to note that without exception the mean kcal./m2./hr. rates for the 54 occupations listed in this table fell within the Slough Scale range for their various work grades. This fact is strong evidence that the Slough Scale represents a reasonably true appraisal of the relation which exists between occupational work grades and the rates of energy expenditure of men and women at work under environmental and management conditions which usually appertain in the United Kingdom. It must, however, be pointed out that work grades based on rates of energy expenditure as shown in Table 4 , the Slough Scales, do not necessarily apply to workers in occupations in which the physical environment imposes thermal stress, or toxic hazards make it necessary for protective clothing and respirators to be worn. In such cases productive effort is harder for individuals to maintain than might be inferred from their rates of energy expenditure at work.
Apart from the kcal./m2./hr. (gross) ranges for work grades, Table 4 
